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By John M. Riebe 

An investigation was made in  the Langley 300 MPH 7- by 10-foot 
tunnel t o  determine  the  effects of fuselage  size on the low-speed longi- 
tudinal aerodynamic chezacteristics of a thin  delta wing with and without 
a double slotted flap extending f r o m  the  fusehges t o  67 percent of the 
wing span. The wing was a f la t   p la te  with  beveled  leading and trailing 
edges and had a maximum thickness ra t io  of 0.045 and 60° sweepback of 
the le- edge. The fuselages which consisted o f  ogival  noses  attached 
to circular  cylinders had maxirmrm diameters of 0 .Og4, 0.146, 0.219, 
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and 0.292 wlng span. 

The maxbmm l i f t  coefficient was reduced from 1.40 to  1.01 f o r  the' 
flap-retracted  condition and f r o m  1.71 t o  1.16 with the flap deflected 
54O when the fuselage-diameter"wlng-span ra t io  was increased f r o m  0.094 
t o  0.292. The corresponlling increase in fuselage-diameter"wlng-span 
ratio  resulted in  a reduction of the lift coefficient  at Oo angle of 
attack from 0.87 t o  0.58 with  the double slotted f lap  deflected. 54O.  
A slight  reduction of Uft-curve slope and a decrease in longitudinal 
s taki l i ty  corresponding t o  a forward aemdpmic-center  shift of 7 per- 
cent mean aerodynamic chord, flaps up, and 18 percent mean aerodynamic 
chord, f laps  deflected,  occurred  with  the fuselage-diameter+rhg-spa,n 
ratio  increase. Estimate8 of the  variation with  fuseh,ge-diameter"wing- 
span ra t io  of the  lift-curve slope and aerodynamic center f o r  the flaps- 
undeflected  condition and. the  incremnt of Uft from double slotted 
flag deflection  at 0' angle of attack axe in good agreement with  the 
experimental data. 
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me  feasibi l i ty  of ushg dtnible s lo t ted  flaps as a means of reducing 
the high landing angle of attack and relatively high landing speeds of 
airplanes with thin d.elta-win@; plan forms is currently being investigated 
by the  National Advisory Cormittee for Aeronautics.  References 1 and 2 
haw  indicated  that a double slotted  flap on a delta-wing airplane should 
result  i n  considerable  reduction i n  the angle of attack necessary to  obtain 
a given lift coefficient and produce some increase in maxirmrm l i f t  coef'fi- 
cientj  however, these  investigations have been made with a smal l  fuselage 
that was used pr igar i ly  t o  home a strain-gage  balance. The present 
report  gives  the  results of an investigation  to determine the aerodynamic 
characteristics of one of the optimum do&de-slotted-fhp  configurations 
of reference 2 with larger  fuselages  (fuselage-diameterding-span ratios 
ranged f r o m  0.0% t o  0.292). Also included are the effects of fibelage- 
diameter"wing-span r a t i o  on the delta-wing chmacteristics with flaps 
retracted. Theoretical. e s tha t e s  of the vwiation of some of the aerody- 
namic charscteristics with fusehge-diameter-xhg-span ratio  are compared 
with the experimental data. 

The results of the  tests  are  presented a8 standard NACA coefficients 
of forces and moments about the s tab i l i ty  axes. The positive  directions 
of  forces and moments are shown i n  figure 1. Pitching-moment coefficients 
axe given about the wlng 25-percent-me~-aerodynamic-c-chord point shown 
Fn figure 2. The coefffcients and syaibols are defined as follows: 

CL l i f t  coefficient, L/~S 

cb drag  coefficient , D/qS 

Cm pitching-moment coefficient, M/qSE 

L lift, Ib 

PI pitching moment, ft-lb 

q free-stream aynamic pressure, PV , lb/sq f't 1 2  

S w ~ n @ ;  area, 6.93 sq ft 
- 
C wing mean aerodynamic chord, 2.31 ft, - 
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p ~. ' wing span, 4.00 ft 
V . free-streem  Velocity,  ft/sec 

d. fuselage dTameter a t  wing upper-surface U p  

a angle of attack o f  wing, deg 
C local wing chord, ft 
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Y l a t e ra l  distance from p l a ~ ~  of symmetry 

Ef f lap  deflection measured in a plane perpendicular t o  hinge 

Stibscripts : 

W wing alone 

-, deg 

MODEL AND APP- 

The model was tested in the Langley 3W MF% 7- by 10-foot tunnel 
by uti l izing a sting-support system (fig. 3) and an electr ical  strsin- 
gage balance. 

The basic wlng, which was the same 85 that of references 1 and 2, 
had a 60° apex angle, a taper ratio of 0, an aspect ratio of 2.31, and 
a hexagonal airfoil section with thickness ra t io  vmying from 1.5  percent 
chord at the root  t o  4.5 percent chord at 0.67b/2 (E .98 lnches from root) . 
The geometric cheracteristics of the m i o u s  fuselagee that were tested 
on the model with flaps up and down axe given In figure 2( a) and table I . 
The fuselages were constructed of wood noses attached t o  sheet aluminum 
cylinaers. The domle-Blotted-flap arragemen-b tested (ffg. 4) was one 
of the optimum configurations with r e g e   t o  lfft effectiveness a t  both 
l o w  and high angles of attack determined in  reference 2. The inboerd 
end of the f laps  fitted flush ag-t the w i o u s  fuselages w i t h  the 
exception of the  fuselage with the 6mallest dhmeter. Thie fitting was 
accomplished by extending the origFnal span flap into the  fuselage 
cylinders through slots and fairing the s l o t  gaps with masking tape. 

% Further details  of wing and flap construction  are  presented in reference 2. 
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The tests were made in the Langley 300 MPH 7- by  10-foot tunnel at 
a dynamic pressure of approximately 25.0 pounds per- s q w e  foot come- 
eponding t o  an airspeed of about 100 miles ea hour. Reynolds nuutber for  
this airspeed,  based on the WFng mean aerodynamic chord (2.31 fi) was 
approximately 2 . 1  x 10 6 . The corresponding Mach nmiber w a s  0 .u. 

C O m T I O N S  

The approximate jet-boundary corrections  applied t o  the data were 
obtained f'rom rnethods outlined i n  reference 3. A correction has been 
applied t o  the angle of attack  to account for  the  deflection of  the swprt 
strut under load. Blocking corrections have  been applied to the model 
with the ve;rious fuselages  according t o  the methods  of reference 4. 
Buoyancy corrections have been applied t o  the model with the  various 
f'uselages to  account for a longitudinal static-pressure  gradient in the 
tunnel. 

The IWL, drag, and pitclzing-moment chazacteristics of the delta 
wing with the various  fuselages are given in  figures 5 and 6 for the 
conditions with double slotted flaps at deflections of 00 and 54O, 
respectively. The aerodynamic characteristics, as determined from an 
unpublished investigation, fo r  three fuselages alone, almost identical 
t o  the melagee  of the models of  the present  investigation (see table I), 
are  presented in  figure 7; the coefficients  me based on the geometry of 
the  plain win@;. The wing-fuaelage lift coefficient and lift-curve  slope 
as a function  of fusehge-diameter-wing-span ra t io  are given i n  figures 8 
and 9,  respectively. The variation with Fuselage-diameter-wi-sp~-ratio 
of the aerodynamic-center position of the fuselage alone and --fuselage 
conibination is  preeented i n .  figure 10. .. . 

Flaps  Retracted 

Increasing  the fuse l age -d iame te r~ - span   r a t io  with flaps at 0' 
resulted i n  only small change of lift coefficient a t  low angles of  attack, 
W g e  reductlons i n  maxirmmz l i f t  coefficient (defbed as first lift 
coefficient where the  slope of the lift curve became zero), and some 
reductions in the angle of-attack at which wirwm lift occurred (figs. 5 
and 8). acreasing fuselage diameter from about 9 percent  of  the span 
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t o  29 percent or the span reduced f r o m  about 1.40 t o  about 1.01. 

The angle of attack  at which occurred  decreased from 35O fo r  the 
s m a l l  fuselage  configuration t o  &out 270 f o r  the  large  fuselage config- 
uration (fig. 5) . As the fuselage  size  increased  the l i f t  curve ne= 
maximum lift for the delta Xing became flatter. The "flat top" Ilft 
curve of the  large-fuselage-diameter  configuration was typical of other 
models having u g e  fuselages and low-aspect-ratio w i n g s  and resulted f r o m  
the lift load on the fuselage  continuing t o  increase a t  angles of attack 
beyond that at which the wing s t a l l e d .  As would be expected, increased 
d/b also resulted in an increme of drag coefficient  at a  given lift 
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coefficient, (fig. 5) . 
Increasing  the s i z e  of the Fuselage with respect to the wing resulted 

in a loss in  with the f h p e  retracted. (fig . 9) . The m i a t i o n  
of with d/b agrees very w e l l  with the theoretical  variation 
of reference 5. The value of C in the ra t io  CL,/Cb uas obtained 
by extrapolathg the experimental C k  data t o  zero a/%. The theory of 
reference 5 applies ~~I.KLY to narrow trm 6 s  and does not predict 
accurately  the  absolute  values of for  the wing of the present tes ta .  

the  ratio s,kb. me variation of Q f o r  the fuselage LE 

rcIw 

m Comparison between theory and experhent was therefore made in terms of 

satisfactorily  predicted by the  theory of reference 5 (fig . 9) . 
In order to show the breakdown of t o t a l  lift of the --body com- 

bination  the component parts and interferences were estimated for the 
--fuselage conibhtion of $ = .0.292 by a method somewhat similar to 

that of reference 6 .  me breakdown of C k  and references 6 to  12 used 
Fn estimating  the lift of the collq?anent parts is aa follows: 

I I I I I 



The result  of th i s  breakd.ovn (CL, = 0.0469) compares favorably with the 
method of reference 5 = O.O& when the  ratio C h  

a /cLcGw is multiplied 

by the experimental & of C and with the experimental value 

(Ch = 0.0430) . 
The longitudinal s tabi l i ty  of the --fuse e conibination, flaps 

retracted, was reduced with increased  values of '"$ d b (figs. 5 and 10) . 
The aerodynamic center  shifted forward f r o m  0.36E f o r  a = 0 .Og t o  0.2$ 

fo r  - = 0 .Z92. This change of aerodynamic center with d/b i s  in  very 

good  agreement with the change estimated by the lnethod of reference 5. 
If the  results of reference 5 are modified by using  the aerodynamic center 
of the w l n g  alone predicted by reference 8, the agreement in absolute 
value with experimental data I s  very good (fig. 10). This modification 
can be shown in the followFng equation from reference 5. The first 
term G / C b  which is  the aerodynamic center f o r  the wing alone was 
replaced by the value of the aerodynamic center determined f r o m  reference 8. 

d 
b 

b 

The term B, i s  the mean cross-sectional  area of fuselage ahead of wing 
apex (volume/length) and 7, i s  the length of  fuelage ahead of wing 
apex. The second term of  the  equation  represents the modifying effect 
of the  fuselage on the wing characteristics. 

The variation of aerodynamic center for the  fuselage  alone (fig. 10) 
agrees w i t h  the trend  predicted by reference 5 but does not show agreement 
in absolute value. 

Flaps Deflected 

Considerable reduction in maxirmM lift coefficient wd. in  increment 
of l i f t  coefficient a t  a = Oo occurred with increased d/b ra t io  for 
the  condition with double slotted flap deflected 54' ( f i g .  8). The 
maximum l i f t  coefficient w a ~  reduced from 1.p for a d/b ra t io  of 0.09 
t o  1.16 for a d/b ra t io  of 0.29. The reduction i n  l i f t  increment at 
Oo angle of attack was about half that of the maximum lift coefficient 
reduction for the same increase in d/% r a t b  (CL at Oo reduced from 
0.87 at d/b of 0.09 t o  0.58 at a d/b of  0.29) . An estimated  variation 
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of the  lift-coeffi cient increment at an angle of attack of  0' for  the 
double-slotted-f lap-def lected  configuration is  shown by the dashed line 
of figure 8. This variation was obtahed by the use of reference 7 which 
presents l i f t  effectivenese for flaps of various spans. The experimental 
value pf f l a p  l i f t  increment for  the a = 0.09 configuration was used as b 
the  basis i n  estimating  the loss of lift Fncrement with reduced flag span 
resulting from lncreased  fuselage diameter. 

The lift cqrves for the  flapdeflected  condition were generally 
nonlinesr and the loss of C k  with d/b was W g e r  than that for  the 
flap-retracted  condition ( f i g 8  . 5 and 6 )  . As would  be expected and 
similar t o  the condition with flaps undeflected,  increased d/b resulted 
in higher drag a t  a gfvm l i f t  coefficient. 

The changes in longitudinal  stability with fuselage-diameter" 
span ratio increase were W g e r  with flaps  deflected  than  with the flap 
retracted" The aerodynamic center  shifted from a  position about 0.49E 
f o r  the O.O%/b fuselage-diameter"wing-span ratio  configuration to about 
O.3lc for the  configuration w i t h  d/b of 0.29; t h F s  aerodynamic-center 
sh i f t  W ~ S  almost times that for the condition w i t h  flaps retracted 
(fig. 10). The large diving-moment increment with  deflection of the 
double slotted flaps (figs. 5 and 6)  is ty-pical of that found in  two- 
dimensional  investigation of double slotted f laps on thicker win@; sec- 
t ions  (ref. 13) .  As would be expected,  reducing  the  extent of the f lap  
span by increasing the d/b ratio  resulted fn a smaller diving-momt 
increment a t  constant angle of attack (figs. 5 and 6)  and smaller shift  
of the aeroaynamic center  (fig. 10). 

CONCLWIONS 

The resultg of a low-speed wlnd-tunnel investigation t o  determine 
the  effects of fuse2age-diameter"wlng-span ra t io  on the l3ft and longi- 
tudinal stability characteristics of a thin 60° delta WFng with and 
without  a double slotted f l ap  exhnding from the fuselages t o  67 percent 
of the wing span indicated  the following conclusions: 

1. The maximum lift coefficient was reduced from 1.40 to 1.01 f o r  the 
flap-retracted  conditions and from 1.71 to 126 for  the flap deflected 
5k0 when the fuselage-dimekr+ring-sp&n ra t io  ma increased from 0.09 
t o  0.29. 

2. The increment of lift from double-slokted-flap deflection at 
Oo angle of attack was reduced f r o m  0.87 f o r  a fuselage-r?ter"uing- 
span ratio of o .09 to o .58 for  a fuselage-diameter+ring-span ratio of 0.29. 
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3 .  Increased f'useUge-diameter-KLng-span ratio  resulted i n  only a 
slight- reduction in Uft-curve  slope with flaps undeflected. 

4. Increased fusehge-diameter+h.g-span ratio *om 0 .Og to 0.29 
resulted in a decrease in  longitudinal  stability corresponding t o  a 
forwmd shift  of 7 ppercent mean aeroaynamic chord, flaps up, and 
18 percent mean aerodynamic chord, f h p s  deflected. 

5. Estimates of the  variation with fuselage-diameter-uhg-span ra t io  
of the Ilft-curve elope fo r  flaps tzndeflected and the increment of lift 
From double-alohed-flap deflection at an angle of attack of 00 are i n  
good agreement with the experimental data. 

Langley Aeronautical  Laboratory, 
National Advisory Connnittee for Aeronautics, 

Langley Field, VEL. 
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Figure 1.- ,System of s t a b i l i t y  axes. Positive values of forces, moments, 
and angles m e  indicated by arrows. 



. Struin-guge housing 

Figure 2 .- General arrangement of the fuselages and the thin  delta wing. 
All dimensions are in inches. 
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Section A -A 

Figure 2 .- Concluded. 
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Figure 4.- The double-slotted flap zonfiguration  tested oa the thin 
delta wing. All diI.uensions are i n  inches. 
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Figure 5 .- Concluded. 
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Figure 6.- Longitudinal aeroaynamic characteristica of the t h i n  60’ del ta  . 
wing with f’uselages of various diameters. Ef = 54O. 
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Figure 6 .- Concluded. 
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Figure 7.- Longitudinal aerodynamic chmacteristics of the vazious fuselages 
done. (Coefficients are based on the delta-wing geometry. 
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Figure 9.- Effect  of fuselage-diameter"wing-span ratio on CL, of the 
.I thin 60' ddta wing. 8f = o 0 . 
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Leading edge 
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Figure 10.- Vmiation with Azselage-diameter-wing-span ratio of the 
aerodynamic-center posit ion o.f the fue lage  alone and wing-fuselage 
combination. . .  
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